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(57)Abstract: 

PROBLEM TO BE SOLVED: To curb hydrogen embrittlement of a 
hydrogen separation membrane at a low temperature in an apparatus 
for generating hydrogen. 

SOLUTION: Start-up control is performed according to a temperature of 
the hydrogen separation membrane at start-up in the apparatus for 
generating hydrogen having the hydrogen separation membrane to 
separate hydrogen from a reformed gas. When the hydrogen 
separation membrane is in a low temperature state, learn-bum is 
initiated for warming-up in a reforming equipment while curbing 
generation of hydrogen. At the time t1 when the temperature of the 
hydrogen separation membrane reaches a level of temperature, at 
which the hydrogen embrittlement dose not occur, a reforming starts. At 
this time, oxygen is supplied to hydrogen transmitted through the 
hydrogen separation membrane to burn it for further accelerating the 
wamnlng-up. At the time t2 when the temperature reaches an operation 
temperature, the oxygen supply at purging side is stopped to stop the 
buming of hydrogen and the operation of the apparatus shifts in a 
steady operation. 
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1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] refining of a predetermined raw material - hydrogen - with the refining section 
which is hydrogen generation equipment which generates rich gas, reforms said raw 
material and generates reformed gas The feed zone which supplies the matter which said 
refining takes to this refining section, and the hydrogen demarcation membrane which 
penetrates hydrogen selectively. And the hydrogen separation section which separates 
hydrogen into said hydrogen passage side firom the reformed gas which was equipped with 
the reformed gas passage and hydrogen passage which have been arranged on both sides of 
this hydrogen demarcation membrane, and was supplied to said reformed gas passage, 
Hydrogen generation equipment equipped with the hydrogen control section which 
controls the hydrogen concentration of the gas supplied to said reformed gas passage at the 
time of the low temperature with which the predetermined temperature to which the 
temperature of this hydrogen separation section becomes settled according to the 
construction material of a hydrogen demarcation membrane is not filled. 
[Claim 2] It is hydrogen generation equipment which controls said feed zone to be 
hydrogen generation equipment according to claim 1, and to raise the rate of the amount of 
oxygen of as opposed to [ in said hydrogen control section / said feed zone supplies a raw 
material and oxygen to said refining section at least, and ] a raw material in the time of 
said low temperature, rather than the value suitable for hydrogen generation. 
[Claim 3] It is hydrogen generation equipment equipped with the control section which 
controls this oxygen supply device so that it is hydrogen generation equipment according to 
claim 1 and said hydrogen control section supphes oxygen at the oxygen supply device 
which can supply oxygen between said refining section and said hydrogen separation 
section, and the time of said low temperature. 

[Claim 4] before being hydrogen generation equipment according to claim 3, controlling 
either [ at least ] said feed zone or said oxygen supply device and starting the hydrogen 
separation in said hydrogen separation section - said reformed gas passage oxygen 
hydrogen generation equipment equipped with the oxygen enrichment control section 
made into a rich ambient atmosphere. 

[Claim 5] Hydrogen generation equipment equipped with the purge gas feed zone which is 
hydrogen generation equipment according to claim 1, and supplies the purge gas for 
discharging the separated hydrogen to the hydrogen passage in said hydrogen separation 
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section, and the control section which controls said purge gas feed zone to suspend supply 
of said purge gas at the time of said low temperature. 

[Claim 6] Hydrogen generation equipment equipped with the purge^gas feed zone which is 
hydrogen generation equipment according to claim 1, and supplies the purge gas for 
discharging the separated hydrogen to the hydrogen passage in said hydrogen separation 
section, and the control section which controls said purge-gas feed zone so that said purge 
gas serves as said reformed gas and countercurrent flow and said purge gas serves as said 
reformed gas and this direction style at the time of said low temperature, in performing 
hydrogen separation. 

[Claim 7] It is hydrogen generation equipment with which it is hydrogen generation 
equipment according to claim 6, and said control section controls the flow rate of said purge 
gas according to the temperature of said hydrogen separation section. 
[Claim 8] Hydrogen generation equipment which it is hydrogen generation equipment 
according to claim 1, has the heat exchanger between said refining section and the 
hydrogen separation section, and is equipped with a reduction means to reduce the heating 
value taken from said reformed gas by this heat exchanger, at the time of this low 
temperature. 

[Claim 9] It is hydrogen generation equipment which is the detour passage which pours 
said reformed gas so that it may be hydrogen generation equipment according to claim 8 
and said reduction means may bypass said heat exchanger. 

[Claim lOl a claim ■ the hydrogen generation equipment with which it is hydrogen 
generation equipment of a publication one to 9 either, and said hydrogen control section 
stops operation when said hydrogen separation section becomes said beyond 
predetermined temperature. 

[Claim 11] Hydrogen generation equipment equipped with the hydrogen rotary flow 
passage which is hydrogen generation equipment according to claim 10, and returns to the 
hydrogen passage in said hydrogen separation section in a part of generated hydrogen [ at 
least ], and the combustion section which is prepared in said hydrogen rotary flow passage, 
and burns said hydrogen. 

[Claim 12] It is hydrogen generation equipment which it is hydrogen generation equipment 
according to claim 11, and said hydrogen rotary flow passage is equipped with the heat 
exchanger, and is constituted when said combustion section equips this heat exchanger 
with an oxidation catalyst. 

[Claim 13] The starting approach which is the starting approach of hydrogen generation 
equipment that a hydrogen demarcation membrane separates the hydrogen in this 
reformed gas, and is equipped with the process which controls the hydrogen concentration 
in the gas supplied to said hydrogen demarcation membrane at the time of starting of this 
hydrogen generation equipment while generating the reformed gas which contains 
hydrogen by refining of a predetermined raw material. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the reformed gas which this invention reformed the predetermined 
raw material and was obtained to a hydrogen demarcation membrane - hydrogen 
dissociating - hydrogen - it is related with the starting approach of such hydrogen 
generation equipment in detail about the hydrogen generation equipment which generates 
rich gas. 
[0002] 

[Description of the Prior Art] In recent years, the fuel cell generated according to the 
electrochemical reaction of hydrogen and oxygen attracts attention as an energy source. A 
ftiel cell acquires electromotive force according to the electrochemical reaction of hydrogen 
and oxygen. The hydrogen supplied to a fuel cell reforms raw materials, such as for 
example, a hydrocarbon system, and is generated by hydrogen generation equipment. 
Since the hydrogen purity of the reformed gas obtained by refining of a raw material is 
raised, a hydrogen demarcation membrane may be used. A hydrogen demarcation 
membrane is film equipped with the property which penetrates hydrogen selectively, for 
example, the thin film of palladium or a palladium alloy etc. is used. If reformed gas is 
supplied to one field of a hydrogen demarcation membrane, since hydrogen will be 
extracted fi-om the field of another side according to the difiference of a hydrogen partial 
pressure, hydrogen purity can be improved. 
[0003] 

[Problem(s) to be Solved by the Invention] In the state of the low temperature with which a 
suitable operating temperature is not filled, a hydrogen demarcation membrane may 
produce hydrogen embrittlement, i.e., the phenomenon in which a hydrogen demarcation 
membrane absorbs hydrogen and becomes weak. With conventional hydrogen generation 
equipment, it was not taken into consideration at all about hydrogen embrittlement. 
Therefore, when hydrogen generation equipments, such as the time of starting, were in a 
low-temperature condition comparatively, the hydrogen embrittlement of a hydrogen 
demarcation membrane may have been produced. Hydrogen embrittlement may cause the 
crack of a hydrogen demarcation membrane, and breakage. 

[0004] Conventionally, when the time of starting etc. started operation of hydrogen 
generation equipment in the state of low temperature, by the so-called warm-up, the 
temperature in equipment rose to the ununiformity and had produced thermal stress not a 
little. Therefore, when the hydrogen demarcation membrane was carrying out hydrogen 
embrittlement, the crack and breakage which were mentioned above with this thermal 
stress may have been caused. 

[0005] This invention is made in order to solve the conventional technical problem 
mentioned above, and it aims at controlling hydrogen embrittlement in case hydrogen 
generation equipment is in a low-temperature condition. Moreover, the thermal stress at 
the time of warming-up of hydrogen generation equipment is controlled, and it aims at 
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reducing the crack of a hydrogen demarcation membrane, and the possibility of breakage. 
[0006] 

[The means for solving a technical problem, and its operation and effectiveness] in order to 
solve a part of technical problem [ at least ] mentioned above, while reforming a 
predetermined raw material in this invention - a hydrogen demarcation membrane - 
hydrogen - dissociating - hydrogen in the hydrogen generation equipment which 
generates rich gas, the device which controls that a hydrogen demarcation membrane 
contacts hydrogen at the time of low temperature shall be established By carrying out Uke 
this, the hydrogen embrittlement of the hydrogen demarcation membrane at the time of 
low temperature can be controlled. At the time of low temperature, the condition of not 
fulfilling the predetermined temperature to which the temperature of the hydrogen 
separation section becomes settled according to the construction material of a hydrogen 
demarcation membrane is meant, for example, the time of starting etc. is included. 
[0007] This operation is realized in hydrogen generation equipment by having the refining 
section, a feed zone, the hydrogen separation section, and the hydrogen control section. The 
refining section reforms a raw material and generates reformed gas. As a raw material, 
alcohol, such as liquid hydrocarbon, such as a gasoline, and a methanol, aldehydes, or 
natural gas can apply the various hydrocarbon system fiiels which can generate hydrogen 
by the refining reaction. A feed zone supplies the matter which refining takes to the 
refining section. In performing steam reforming in the refining section, a feed zone 
supplies a raw material and a steam. In oxidizing in the refining section, a feed zone 
supplies a raw material and oxygen. 

[0008] The hydrogen separation section is equipped with the reformed gas passage and 
hydrogen passage which have been arranged on both sides of the hydrogen demarcation 
membrane and hydrogen demarcation membrane which penetrate hydrogen selectively, 
and separates hydrogen into a hydrogen passage side firom the reformed gas supplied to 
reformed gas passage. The thin film of palladium or a palladium alloy etc. can be used for a 
hydrogen demarcation membrane. 

[0009] The hydrogen control section controls the hydrogen concentration of the gas 
supplied to reformed gas passage at the time of the low temperature with which the 
predetermined temperature to which the temperature of the hydrogen separation section 
becomes settled according to the construction material of a hydrogen demarcation 
membrane is not filled. With predetermined temperature, based on the lower limit which 
can penetrate hydrogen, it can set up without a hydrogen demarcation membrane's 
producing hydrogen embrittlement. 

[0010] In this invention, the hydrogen control section can take various configurations. As 
the 1st mode, in the refining section, for example, the hydrogen control section is in the 
condition (it is hereafter called the Lican combustion) which raised the rate of the amount 
of oxygen to a raw material rather than the value suitable for hydrogen generation, and 
can take the mode which controls a feed zone to oxidize at the time of low temperature. 
Partial oxidation is not produced in the condition that there is oxygen so much. Most 



4/17 



Japanese Publication number : 2003-095608 A 



serves as a carbon dioxide and a steam by oxidation, i.e., combustion, according [ a raw 
material ] to complete oxidation or a burner. Therefore, according to this control, since 
generation of hydrogen can he controlled, the hydrogen embrittlement of a hydrogen 
demarcation membrane is avoidable. Moreover, at this reaction, since hot gas is generated, 
warming up of hydrogen generation equipment can be promoted by passing this. 
[001 1] By supplying oxygen so much, the following advantage can also be collectively 
acquired according to the amount. By hot oxygen, to the 1st, the carbon adhering to a 
hydrogen demarcation membrane can be oxidized, and a hydrogen demarcation membrane 
can be purified to it. The effectiveness which dilutes the heat generated in reaction time 
can be acquired by 2nd supplying superfluous oxygen or air to oxidation reaction. 
Therefore, it becomes possible to fit mostly the temperature of the gas produced by the 
reaction to the operating temperature of the refining section, and can ease that a catalyst 
deteriorates by overheating at the time of warming-up. Moreover, a sudden rise of the 
temperature of hydrogen generation equipment can be avoided, and it also becomes 
possible to ease generating of thermal stress. 

[0012] The amount of supply of oxygen can be suitably set up in consideration of the 
effectiveness for which it asks among above-mentioned. For example, when transposing to 
an air content and controlling the amount of supply of oxygen, about about 4-time air can 
be suppHed to the theoretical air fuel ratio which is needed in order to carry out complete 
oxidation of the raw material. Moreover, the ratio of the oxygen atom to the carbon atom in 
a raw material can be made about into about 12 to 13. 

[0013] As the 2nd mode, the hydrogen control section can also be considered as a 
configuration equipped with the oxygen supply device which can supply oxygen between 
the refining section and the hydrogen separation section, and the control section which 
controls an oxygen supply device to supply oxygen at the time of low temperature. By 
carrying out like this, by the oxygen supphed firom an oxygen supply device, the hydrogen 
contained in reformed gas can be burned and contact in a hydrogen demarcation 
membrane and hydrogen can be controlled. Moreover, warming up can also be promoted by 
burning in the hydrogen separation section. In the 2nd mode, it is desirable to generate 
hydrogen by the partial oxidation reaction in the refining section. 

[0014] the 2nd voice " before setting like and starting hydrogen separation - reformed gas 
passage •- oxygen - considering as a rich ambient atmosphere is desirable. By carrjdng out 
like this, the carbon which deposited in the hydrogen demarcation membrane can be 
purified. Moreover, by suppljring superfluous oxygen, a sudden rise of the temperature of a 
hydrogen demarcation membrane can be eased, and thermal stress can be eased, oxygen " 
a rich ambient atmosphere should just increase the amount of oxygen supplied firom either 
[ at least ] a feed zone or an oxygen supply device. Although it can set up suitably according 
to a system configuration, the amount of oxygen can be made into about 3 times of the 
theoretical value of the air content which is needed for burning hydrogen thoroughly, for 
example, when transposing oxygen to an air content and controlling it. oxygen -- a rich 
ambient atmosphere can also be realized by making the Lean combustion perform in the 
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refining section 

[0015] In this invention, it cannot be concerned with the configuration of the hydrogen 
control section, but the various additional configurations for promoting warming up can be 
adopted. 

[0016] For example, when it has the purge gas feed zone which suppUes the purge gas for 
discharging the separated hydrogen to the hydrogen passage of the hydrogen separation 
section, the control which stops supply of purge gas can be apphed at the time of low 
temperature. By carrying the separated hydrogen and making the hydrogen partial 
pressure of hydrogen passage low, purge gas is supplied in order to improve the separation 
efficiency of hydrogen. Since hydrogen permeation from the hydrogen separation section is 
not performed in this invention at the time of low temperature, there is little need of 
supplying purge gas. On the other hand, if purge gas is suppUed, the heat of a hydrogen 
demarcation membrane is carried outside, and also when [ that ] checking warming up, it 
is. Therefore, warming up can be promoted, without giving trouble to the function of the 
hydrogen separation section by suspending supply of purge gas at the time of low 
temperature. 

[0017] On the other hand, when supplying purge gas, it is good also as what passes purge 
gas to the time of hydrogen permeation, and hard flow at the time of low temperature. At 
the time of hydrogen permeation, purge gas is desirable, when supplying so that it may 
become reformed gas and a countercurrent flow promotes the separation efficiency of 
hydrogen. When the feed zone of purge gas is constituted in this way, at the time of low 
temperature, the hard flow, i.e., purge gas, considers as reformed gas and this direction 
style. By carrying out hke this, the temperature rise of the hydrogen separation section can 
be equahzed and thermal stress can be eased. 

[0018] Thus, when passing reformed gas and purge gas in this direction, it is also desirable 
to control the flow rate according to the temperature of the hydrogen separation section, 
carrying out like this - equalization of temperature distribution, and relaxation of thermal 
stress furthermore, it can improve. 

[0019] In addition, as for a halt of purge gas and supply in hard flow, the object is difierent. 
A halt of purge gas has importance in the acceleration of warming-up of the hydrogen 
separation section, and supply in hard flow has importance in equaUzation of temperature 
distribution. Therefore, it is good also as what changes both according to the temperature 
condition of the hydrogen separation section etc. For example, when it is in low 
temperature dramatically, and purge gas is stopped, warming up is promoted and 
temperature rises to some extent, it is good also as what supplies purge gas to hard flow. 
[0020] As purge gas, the gas which does not produce a reaction with hydrogen is used in 
many cases, for example, nitrogen, a steam, etc. can be used. Moreover, the gas discharged 
fi:om the reformed gas passage of the hydrogen separation section may be used as purge 
gas. 

[0021] In this invention, when it has the heat exchanger between the refining section and 
the hydrogen separation section, it is good also as what prepares the device for reducing 
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the heating value taken from reformed gas by the heat exchanger at the time of low 
temperature, or control. For example, the mode which applies the control which prepares 
the detour passage which bypasses namely, bypasses a heat exchanger and pours reformed 
gas, or suspends operation of a heat exchanger is mentioned. Warming up of a system can 
be promoted by carrying out like this. 

[0022] It sets to the hydrogen generation equipment of this invention, and as for the 
hydrogen control section, it is desirable to stop operation, when the hydrogen separation 
section becomes beyond predetermined temperature. When the hydrogen control section 
has taken the 1st mode, since the Lean combustion is suspended above predetermined 
temperature, partial refining is started. It is good also as what combines and starts steam 
reforming. When the 2nd mode is taken, since the oxygen supply from an oxygen supply 
device is suspended, the hydrogen generated in the refining section wiU be suppUed to the 
hydrogen separation section. Since the hydrogen separation section serves as temperature 
which does not produce hydrogen embrittlement, even if it starts supply and transparency 
of hydrogen, it does not interfere. By carrying out like this, it becomes possible to promote 
warming up further using the penetrated hydrogen. 

[0023] For example, the hydrogen rotary flow passage which returns to hydrogen passage 
in a part of generated hydrogen [ at least ] can be prepared, and a configuration equipped 
with the combustion section which burns hydrogen all over this hydrogen rotary flow 
passage can be taken. If it carries out Uke this, warming up of the hydrogen separation 
section can be promoted by combustion of hydrogen. Hydrogen rotary flow passage can be 
used also [ passage / of the purge gas explained previously / supply ], for example. It is good 
for combustion also as a thing using the hydrogen which remains in the non-penetrated 
gas which remained without using the hydrogen separated in the hydrogen separation 
section, and dissociating. Various configurations are possible for the combustion section. 
For example, when hydrogen rotary flow passage is equipped with the heat exchanger, it 
can constitute by equipping this heat exchanger with oxidation catalysts, such as a 
platinum catalyst. 

[0024] the voice as hydrogen generation equipment which mentioned this invention above 

it cannot restrict like but can constitute from various modes, such as the starting 
approach of hydrogen generation equipment. Moreover, about the hydrogen control section, 
the 1st and 2nd modes may be combined suitably, or may be switched, and may be applied. 
It is applicable by carrying out combination etc. suitably also about other additional 
configurations. 
[0025] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained in 
order of the following based on an example. 

A. 1st example: - Al. system configuration: - A2. starting control processing: - A3, 
modification: " B. 2nd example: - Bl. system configuration: - B-2. starting control 
processing: [0026] A. 1st example: - Al. system configuration: - drawing 1 is the 
explanatory view showing the outline configuration of the fiiel cell system as the 1st 
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example. A fuel cell system is generated according to the electrochemical reaction of the 
hydrogen supplied to a fuel ceU 70, and oxygen. The compressed air supplied to a cathode 
72 by the blower 73 is used for oxygen. By the hydrogen generation equipment shown 
below, hydrogen is generated by refining of a raw material and supplied to an anode 71. As 
a raw material, alcohol, such as liquid hydrocarbon, such as a gasoline, and a methanol, 
aldehydes, or natural gas can choose the various hydrocarbon system fuels which can 
generate hydrogen by the refining reaction. 

[0027] Although the graphic display was omitted, a raw material and water are stored in 
the tank, respectively. After water is evaporated and heated by about 500-degree C steam 
with an evaporator 20, it is supplied to the mixed section 30. A raw material and air are 
also separately supplied to the mixed section 30. After heating a raw material and air by a 
heat exchanger 50 etc., they are good also as what is supplied. A steam, a raw material, 
and air are supplied to the refining machine 40, after being mixed in the mixed section 30. 
Each amount of supply is controlled by operation of an evaporator 20 and the opening of 
bulbs 31 and 32. 

[0028] in the refining machine 40, refining of a raw material, water, and the mixed gas of 
air is carried out - having - hydrogen - rich reformed gas is generated. With the refining 
vessel 40, it is at the steady operation time and a steam-reforming reaction and a partial 
oxidation reaction are performed in parallel to the bottom of the environment of about 700 
degrees. The exothermic reaction to which a partial oxidation reaction generates hydrogen 
by the raw material and oxygen is said. The endothermic reaction to which a 
steam-reforming reaction generates hydrogen fi:om a raw material and a steam is said. The 
refining machine 40 is equipped with the reforming catalyst which was suitable for these 
reactions according to the class of raw material. Also in which reaction, since they are 
collectively generated by a carbon dioxide and the carbon monoxide, reformed gas serves as 
these mixed gas. At the time of starting, it is good also as what performs combustion or the 
complete oxidation reaction of a raw material. Although, as for these reactions, a carbon 
dioxide and a steam are generated by oxidation of a raw material and most hydrogen is not 
generated, since calorific value is large, it is useful to acceleration of warming up. 
[0029] Into reformed gas, since a carbon monoxide is contained, CO clarification section for 
oxidizing selectively the shift section which generates hydrogen, and a carbon monoxide 
etc. may be prepared fi:om a carbon monoxide and a steam at the downstream of the 
refining machine 40. When using a gasoline as a raw material, it is desirable to prepare 
the shift section. 

[0030] Reformed gas is supplied to the reformed gas passage 61 of the hydrogen separation 
section 60, after being cooled to about 500 degrees C by the heat exchanger 50. The 
hydrogen separation section 60 has the composition that the reformed gas passage 61 and 
the hydrogen passage 63 were formed on both sides of the hydrogen demarcation 
membrane 62 which penetrates hydrogen selectively. Although the hydrogen demarcation 
membrane 62 can use various ingredients, the thin film of palladium or a palladium alloy 
etc. can be used for it, for example. The hydrogen in the reformed gas supplied to the 
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reformed gas passage 61 penetrates the hydrogen demarcation membrane 62 according to 
a hydrogen partial pressure difference with the hydrogen passage 63, and is divided into 
the hydrogen passage 63 side as illustrated. In this example, non-penetrated gas after 
hydrogen was separated may only be exhausted, although used as a fiiel for the heater 21 
for heating an evaporator 20. 

[0031] The hydrogen separation section 60 has applied the next configuration in order to 
raise the separation efficiency of hydrogen. The purge gas for carrying the separated 
hydrogen is supplied to the hydrogen passage 63 the 1st. Purge gas cannot give trouble to 
operation of a fuel cell 70, but hydrogen, such as nitrogen and a steam, and the various gas 
which does not react can be used for it. In this example, nitrogen shall be used as purge gas. 
Nitrogen is beforehand enclosed with the circulation path of purge gas. By supplying purge 
gas, the hydrogen partial pressure of the hydrogen passage 63 can be reduced, and the 
separation efficiency of hydrogen can be improved. But the system configuration which 
omitted supply of purge gas may be taken. 

[0032] The hydrogen passage 63 and the reformed gas passage 61 are constituted by the 
2nd so that it may become a countercurrent flow. Thus, by constituting, it is because the 
hydrogen partial pressure difference of the hydrogen passage 63 and the reformed gas 
passage 61 can be enlarged comparatively and the separation efficiency of hydrogen can be 
improved. But the configuration of passage does not necessarily need to be a 
countercurrent flow. 

[0033] The hydrogen extracted in the hydrogen passage 63 is supplied to an anode 71, after 
being cooled by about 80 degrees C through a heat exchanger 75 with purge gas. The anode 
off-gas discharged fi:om the anode 71 returns to the hydrogen passage 63 again through a 
heat exchanger 75 with a pump 74. It is also possible to introduce air into the circulation 
path of purge gas firom the exterior with a pump 65. It is supporting the platinum catalyst 
as an oxidation catalyst in order to enable combustion of hydrogen under fixed conditions 
as a heat exchanger 75 is mentioned later. In addition, the graphic display was omitted 
although the relief valve for avoiding that a pressure becomes superfluous was prepared in 
the circulation path. In addition, the non-penetrated gas discharged fi-om the hydrogen 
separation section 60 may be suppUed to the circulation path of purge gas, and warming up 
may be promoted. 

[0034] Operation of a fiiel cell system is controlled by the control unit 10. The control unit 
10 is constituted as a microcomputer which equipped the interior with CPU, memory, etc. 
In order to avoid complicated -ization of drawing, all over drawing, only the thing relevant 
to the starting control processing to a control unit 10 later mentioned among I/O was 
shown. From a control unit 10, the control signal which controls operation of the 
evaporator 20 explained previously and the opening of bulbs 31 and 32 is outputted, and 
the amount of supply of the raw material to the refining machine 40, water, and air is 
controlled by this. It may replace with the amount of oxygen used for oxidation reaction, 
and you may consider it an air content. Moreover, the control signal which controls 
operation of the pump 74 formed in the circulation path of purge gas and a pump 65 is also 
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outputted. In order to realize these control, the detection value of the temperature sensor 
64 which detects the temperature inside the hydrogen separation section 60 is inputted 
into a control unit 10. 

[0035] A control unit 10 performs various control including the output control at the time 
of steady operation about operation of a fuel cell system. Below, starting control processing 
characteristic of this example among these control is explained. 

[00361 A2. starting control processing^ Drawing 2 is the flow chart of starting control 
processing. It is the processing which a control unit 10 performs repeatedly according to 
start-up actuation of a fuel cell system. If processing is started, a control unit 10 will input 
the temperature Ts of the hydrogen separation section 60 (step SlO). Starting processing is 
divided into the phase of a three-stage according to this temperature Ts. The 1st phase is 
processing in the low-temperature condition of "temperature Ts<300 degree C." The 2nd 
phase is processing in the condition of "300 degree-C<=Ts<500 degree C." The 3rd phase is 
processing in the condition of "500 degree-C<==Ts." 

[0037] The temperature of 300 degrees C used as the threshold of each phase and 500 
degrees C are set up on the following criteria. The 1st threshold of 300 degrees C is set up 
based on the temperature which can avoid the hydrogen embrittlement of the hydrogen 
demarcation membrane 62. If the hydrogen demarcation membrane 62 touches hydrogen 
in the state of low temperature, it will absorb hydrogen and will produce hydrogen 
embrittlement. In consideration of such a property, the 1st threshold can be set as a value 
[ a little ] higher than the lower Hmit which can avoid hydrogen embrittlement, even if the 
hydrogen demarcation membrane 62 contacts hydrogen. Although the case where the thin 
film of palladium was used for the hydrogen demarcation membrane 62 was considered 
and the 1st threshold was set as 300 degrees C in this example, according to the raw 
material of the hydrogen demarcation membrane 62, it can be set as arbitration. 
[0038] The 2nd threshold of 500 degrees C is set up based on the operating temperature of 
the hydrogen separation section 60. By this example, although the 2nd threshold was set 
as 500 degrees C, it can be set as arbitration according to the raw material of the hydrogen 
demarcation membrane 62. 

[0039] When the temperature Ts of the hydrogen separation section is less than 300 
degrees C, (step S12) and a control unit 10 perform starting control processing of the 1st 
phase. This processing is processing which warms up, avoiding that the hydrogen 
demarcation membrane 62 contacts hydrogen. 

[0040] In starting control processing of the 1st phase, in order to make it a 
steam-reforming reaction not arise, a control unit 10 controls operation of an evaporator 20, 
and suspends supply of a steam (step S20). Moreover, bulbs 31 and 32 are controlled and 
the amount of a raw material and air is controlled to become the Lean combustion (step 
S22). In order to combine and to promote warming up, supply of purge gas is suspended 
(step S24). 

[0041] The Lean combustion means performing catalyzed combustion of a raw material, 
where air is superfluously supplied rather than theoretical air fuel ratio. Most hydrogen is 
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not generated at this time. Therefore, the hydrogen embrittlement of the hydrogen 
demarcation membrane 62 is avoidable. In this example, about 4 times as much air as 
theoretical air fuel ratio (this air content is also hereafter called SUTOIKI) shall be 
suppUed. Thus, by introducing a lot of air, combustion temperature is controllable to the 
about operating temperature of the refining machine 40, i.e., about 800 degrees C. By 
stopping combustion temperature, overheating of the refining machine 40 can be avoided 
and degradation of a catsdyst and generating of thermal stress can be controlled. Moreover, 
hot oxygen can be suppUed to the hydrogen separation section 60 by supplying superfluous 
air. Therefore, the deposit carbon adhering to the firont face of the hydrogen demarcation 
membrane 62 can be oxidized, and there is also an advantage which can purify the 
hydrogen demarcation membrane 62. 

[0042] In starting control processing of the 2nd phase, since the hydrogen demarcation 
membrane 62 has reached the temperature which does not produce hydrogen 
embrittlement, a control unit 10 starts supply of a steam in the refining vessel 40 (step 
S30), and performs refining control (step S32). At this event, the Lean combustion is 
suspended and the air of the amount suitable for rich combustion, i.e., a partial oxidation 
reaction, is suppUed. On the other hand, since warming up is not in the condition 
completed thoroughly, it is still necessary to aim at acceleration of the fiirther warming up 
in the 2nd phase. For this reason, a control unit 10 performs combustion processing of the 
hydrogen which has penetrated the hydrogen demarcation membrane 62 (step S34). That 
is, while driving a pump 74 and circulating purge gas, the penetrated hydrogen is oxidized 
by supplying air firom a pump 65. Oxidation reaction is promoted by the oxidation catalyst 
supported by the heat exchanger 75. With the heat produced at this reaction, warming up 
of the hydrogen separation section 60, a heat exchanger 75, and a fuel cell 70 can be 
promoted. In consideration of the facilitatory effect of warming up, various setting out is 
possible for the amount of oxygen suppUed. In this example, about 3 times of the 
theoretical value for burning all Lean combustion, i.e., hydrogen, shall be supplied. By 
supplying superfluous oxygen, the rapid temperature rise of the hydrogen separation 
section 60 can be controlled, and breakage by the thermal stress of the hydrogen 
demarcation membrane 62 can be avoided. In this example, although hydrogen shall be 
oxidized by the heat exchanger 75, oxidization of hydrogen is good also as what is 
performed in what kind of part of the circulation path of purge gas. 
[0043] In starting control processing of the 3rd phase, since warming up is completed 
mostly, a control unit 10 starts operation equivalent to the time of steady operation, that is, 
a steam is suppUed (step S40), refining control is performed (step S42), simultaneously 
purge gas is supplied (step S44). Although a pump 74 is driven and purge gas is circulated 
like control of the 2nd phase, a pump 65 is suspended and supply of air stops. By carrying 
out like this, consumption of the penetrated hydrogen can be prevented and hydrogen can 
be used for a generation of electrical energy with a fuel cell 70. 

[0044] Drawing 3 is the explanatory view showing sequences, such as the amount of 
oxygen in starting control processing. According to the temperature of the hydrogen 
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separation section 60, change of the phase of starting control was shown typically. Here, 
the case where explanation went up in [ the temperature of the hydrogen separation 
section 60 ] linearity for convenience was illustrated. 

[0045] Starting processing of the 1st phase is performed at a period, i.e., the period by time 
of day tO-tl, until temperature results in 300 degrees C as explained previously. Therefore, 
the oxygen by the side of refining, i.e., the oxygen supplied to the refining machine 40, 
becomes about about 4 times of SUTOIKI. On the other hand, supply of the steam to the 
refining machine 40 and supply of purge gas stop, the result by which a lot of oxygen is 
supplied to the refining machine 40 the hydrogen separation section 60 oxygen - it is 
maintained at a rich ambient atmosphere. 

[0046] Starting processing of the 2nd phase is performed at the period whose temperature 
is 300-500 degrees C, i.e., the period by time of day tl-t2. Therefore, the oxygen by the side 
of refining is reduced by the amount suitable for a partial oxidation reaction. It combines 
and supply of the steam to the refining machine 40 is started, since hydrogen is generated 
with the refining vessel 40 by this the hydrogen separation section 60 - hydrogen - a 
rich ambient atmosphere is formed. In the 2nd phase, since the hydrogen which penetrated 
the hydrogen demarcation membrane 62 is burned, the oxygen for hydrogen burning is 
supplied to the circulation path of purge gas. 

[0047] After temperature amounts to 500 degrees C, starting processing of the 3rd phase is 
performed in the period after time of day t2. In this processing, the oxygen to the refining 
machine 40 and the amount of supply of a steam are equivalent to the 2nd phase, the 
hydrogen separation section 60 hydrogen it is maintained at a rich ambient 
atmosphere. In the 3rd phase, since warming up of the hydrogen separation section 60 
becomes unnecessary, the oxygen supply to the circulation path of purge gas is suspended. 
In this way, hydrogen generation equipment shifts to steady operation. 
[0048] According to the hydrogen generation equipment as the 1st example explained 
above, by carrying out Lean combustion with the refining vessel 40 in a low-temperature 
condition, generation of hydrogen can be controlled and the hydrogen embrittlement of the 
hydrogen demarcation membrane 62 can be avoided. 

[0049] The modification of the A3, the 1st example- Drawing 4 is the explanatory view 
showing the sequence of starting control processing as a modification. According to the 
same flow chart as control processing ( drawing 2 ) of the 1st example, a control unit 10 is 
divided into the phase of a three -stage, and performs starting control. In the modification, 
only the processing in the 1st phase is different fi:om the 1st example. In addition, on 
account of a graphic display, although the ambient atmosphere of the hydrogen separation 
section 60 was omitted, transition of an ambient atmosphere is the same as that of the 1st 
example at drawing 4 . 

[0050] In the 1st example, supply of purge gas was suspended in the 1st phase. In the 
modification, purge gas is suppUed to the time of steady operation, and hard flow. This 
supply is realized by driving a pump 74 to hard flow. A pump 74 is good also as what forms 
the pump for passing purge gas to hard flow independently. Since the hydrogen separation 
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section 60 is constituted, in the modification, both wiU flow in this direction at the time of 
starting, so that reformed gas and purge gas may serve as a countercurrent flow at the 
time of steady operation, as drawing 1 explained. However, supply of the oxygen to purge 
gas is not performed in the 1st phase. That is, operation of a pump 65 stops. 
[0051] According to control processing of a modification, on both sides of the hydrogen 
demarcation membrane 62, low-temperature purge gas can be comparatively passed in 
this direction with hot reformed gas, and the uniform temperature rise of the hydrogen 
demarcation membrane 62 can be planned. Therefore, breakage on the hydrogen 
demarcation membrane 62 by thermal stress can be controlled. 

[0052] In the 1st phase, although the flow rate of the purge gas made to flow backwards is 
good also as a constant rate, it shaU be adjusted in the modification according to the 
temperature of the hydrogen separation section 60. The flow rate of purge gas shall be 
stopped as are illustrated, and the temperature of the hydrogen separation section 60 
becomes high. By carrying out like this, the more uniform temperature rise of the hydrogen 
demarcation membrane 62 can be planned. The relation between the flow rate of purge gas 
and temperature does not ask linearity and non-Unearity, but various setting out is 
possible for it. 

[0053] In the 1st example, supply of purge gas was suspended and the case where purge 
gas was supplied to hard flow was illustrated in the modification. It is good also as what 
uses both properly suitably. For example, the 1st phase can be fiirther divided at two 
phases according to the temperature of the hydrogen separation section 60, and the supply 
interruption of purge gas and supply of hard flow can be used properly, respectively. 
[0054] B. 2nd example- Bl. system configuration^ •* drawing 5 is the explanatory view 
showing the outUne configuration of the fuel cell system as the 2nd example. Although it is 
the almost same configuration as the 1st example, it is different at the point which can 
supply air between the refining machine 40 and the hydrogen separation section 60. The 
amount of supply of air is controlled by adjusting the opening of a bulb 41 by control unit 
lOA. Here, although the case where air was suppUed between the refining machine 40 and 
a heat exchanger 50 was illustrated, the configuration which supplies air between a heat 
exchanger 50 and the hydrogen separation section 60 can also be taken. 
[0055] B-2. starting control processing- Drawing 6 is the flow chart of the starting control 
processing in the 2nd example. It controls by dividing into the phase of a three-stage by 
making 300 degrees C and 500 degrees C into a threshold like the 1st example. In the 2nd 
example, processing of the 1st phase is different from the 1st example. 

[0056] In processing of the 1st phase, control unit lOA performs refining control (step S50). 
That is, a steam, oxygen, and a raw material are supphed to the refining machine 40, and 
steam reforming and a partial oxidation reaction are produced. In this way, in the 
generated reformed gas, hydrogen contains not a little. 

[0057] Control unit lOA combines and suppUes the oxygen for combustion (step S52). That 
is, the opening of a bulb 41 is increased and air is mixed in reformed gas. The hydrogen in 
reformed gas burns in the hydrogen separation section 60 or its upstream by the oxygen in 
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this air. Therefore, contact of the hydrogen demarcation membrane 62 and hydrogen is 
controlled. Moreover, warming up of the hydrogen separation section 60 is promoted with 
the heat produced by combustion. 

[0058] In the 2nd example, control of the 1st phase is divided into two more steps according 
to the temperature Ts of the hydrogen separation section 60. When temperature Ts is 250 
degrees C or less, combustion of (step S54) and the hydrogen mentioned above is performed. 
On the other hand, when temperature Ts exceeds 250 degrees C, shift control to the 2nd 
phase is performed. While switching the refining reaction in the refining machine 40 to the 
Lean combustion temporarily (step S56), the opening of a bulb 41 is increased and the 
amount of supply of oxygen is made to increase in this example (step S58). Lean 
combustion is performed in the same mode as operation of the 1st phase in the 1st example. 
At the time of the Lean combustion, supply of a steam may be continued and you may stop, 
thereby the hydrogen separation section 60 - oxygen a rich ambient atmosphere is 
formed. Therefore, a lot of elevated-temperature oxygen can purify the deposit carbon of 
the hydrogen demarcation membrane 62. 

[0059] The temperature of 250 degrees C used as the threshold of shift control can be 
suitably set up in consideration of the period which clarification of deposit carbon takes. 
Moreover, although the Lean combustion (step S56) and buildup (step 58) of the amount of 
oxygen were used together in the 2nd example, if supply of oxygen required for 
carbonaceous clarification is possible, it is good also as a thing only using either. 
[0060] Drawing 7 is the explanatory view showing the sequence in starting control 
processing of the 2nd example. Starting processing of the 1st phase is performed at a 
period, i.e., the period by time of day taO-tal, until temperature results in 250 degrees C as 
explained previously. Therefore, the oxygen by the side of refining, i.e., the oxygen supplied 
to the refining machine 40, serves as an amount suitable for partial refining. On the other 
hand, in the upstream of the hydrogen separation section 60, the oxygen for combustion for 
burning the hydrogen in reformed gas is supplied, although hydrogen is generated by the 
refining machine 40, since the hydrogen burns ■ the hydrogen separation section 60 " 
hydrogen - it does not become a rich ambient atmosphere, since [ moreover, ] superfluous 
oxygen is not supplied, either - oxygen " it does not become a rich ambient atmosphere, 
either, but this phase - the oxygen for combustion - superfluous - supplying the 
hydrogen separation section 60 - oxygen " it is good also as what forms a rich ambient 
atmosphere. 

[0061] Shift processing to the 2nd phase firom the 1st phase is performed at the period 
whose temperature is 250-300 degrees C, i.e., the period of time of day tal-ta2. Therefore, 
the Lean combustion, i.e., about about 4 times [ of SUTOIKI ] air, is supplied to a refining 
machine. Moreover, the amount of oxygen for combustion also increases, this - the 
hydrogen separation section 60 oxygen - a rich ambient atmosphere is formed and 
carbon clarification of the hydrogen demarcation membrane 62 is performed. 
[0062] Like the period of time of day ta0-ta2, and the 1st example, operation of purge gas is 
good as a thing which makes purge gas flow backwards as well as the modification 
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explained previously, although stopped. 

[0063] Starting processing of the 2nd phase is performed at the period whose temperature 
is 300-500 degrees C, i.e., the period of time of day ta2-ta3. Moreover, starting processing 
of the 3rd phase is performed at the period, i.e., the period after time of day ta3, after 
temperature amounts to 500 degrees C. Since these processings are the same as that of the 
1st example, explanation is omitted. 

[0064] According to the hydrogen generation equipment of the 2nd example explained 
above, the hydrogen embrittlement of the hydrogen demarcation membrane 62 can be 
controlled by burning the hydrogen contained in reformed gas at the time of starting. 
Moreover, warming up of the hydrogen demarcation membrane 62 can be promoted with 
the heat obtained by combustion of hydrogen. 

[0065] In the 2nd example, the case where air was introduced £rom the exterior as oxygen 
for combustion was illustrated. The oxygen for combustion is good also as a thing using 
exhaust air of a heater 21. During exhaust air of a heater 21, an oxygen density is 
comparatively low. Therefore, by supplying this exhaust air, it can avoid that the hydrogen 
in reformed gas burns rapidly, and a sudden rise of the temperature of the hydrogen 
separation section 60 can be controlled. 

[0066] C. Modification : in the example, the case where reformed gas was supplied to the 
hydrogen separation section 60 through a heat exchanger 50 at the time of starting was 
illustrated. The passage which bs^jasses a heat exchanger 50 is prepared between the 
refining machine 40 and the hydrogen separation section 60, and it is good also as what 
pours reformed gas to this passage at the time of starting. By bypassing a heat exchanger 
50, the heat of reformed gas can be effectively transmitted to the hydrogen separation 
section 60, and warming up can be promoted. It replaces with installation of bypass 
passage and is good also as what suspends operation of a heat exchanger 50 at the time of 
starting. 

[0067] The processing at the time of starting was iQustrated in the example. The 
processing in this invention can be applied not only the time of starting but when it is in 
the low-temperature condition which is like [ fi-om which the hydrogen demarcation 
membrane 62 may produce hydrogen embrittlement ]. Moreover, although the case where 
processing of the 3rd of the 1st - a phase was performed in order was illustrated in the 
example, even if it has embraced the temperature of the hydrogen demarcation membrane 
62, it shifts and it omits that phase, it does not interfere. 

[0068] In the example, the temperature of the hydrogen demarcation membrane 62 was 
detected and the case where each phase of control processing was switched was illustrated. 
A switch of a phase can use the various parameters relevant to the temperature of the 
hydrogen demarcation membrane 62. For example, it is good also as what switches a phase 
based on the elapsed time after starting starting processing etc. 

[0069] The 1st example and the 2nd example which were explained above can also be used 
combining both suitably. For example, according to the temperature of the hydrogen . 
separation section 60, the starting processing illustrated in the starting control processing 
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illustrated in the 1st example and the 2nd example may be switched. 
[0070] As mentioned above, although the various examples of this invention were 
explained, it cannot be overemphasized that configurations various in the range which this 
invention is not limited to these examples and does not deviate from the meaning can be 
taken. For example, software realizes and also the above control processing is good as what 
is realized in hardware. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the explanatory view showing the outline configuration of the fiiel cell 
system as the 1st example. 

[Drawing 2] It is the flow chart of starting control processing. 

[Drawing 3l It is the explanatory view showing sequences, such as the amount of oxygen in 
starting control processing. 

[Drawing 4] It is the explanatory view showing the sequence of starting control processing 
as a modification. 

[Drawing 5] It is the explanatory view showing the outline configuration of the fuel cell 
system as the 2nd example. 

[Drawing 6] It is the flow chart of the starting control processing in the 2nd example. 
[Drawing 7] It is the explanatory view showing the sequence in starting control processing 
of the 2nd example. 
[Description of Notations] 
10 lOA - Control unit 

20 Evaporator 

21 ■ Heater 

30 " The mixed section 

31 - Bulb 

40 Refining machine 

41 - Bulb 

50 -- Heat exchanger 

60 " Hydrogen separation section 

61 Reformed gas passage 

62 Hydrogen demarcation membrane 

63 - Hydrogen passage 

64 Temperature sensor 

65 - Pump 

70 " Fuel cell 

71 *- Anode 

72 - Cathode 

73 - Blower 
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74 - Pump 

75 - Heat exchanger 
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■r^±T»$Lv^o 7-^->';<fX(r)«*&gp*^C(7DJ;-5fc« 

7^-v';yx*^3tK*"Xi:|Hl73(R)gi!i:-r^©T'feSo 
C^rsCtKJzoT. 7j<jR5^aig|50SS±#«:i^— ft 

[0 0 18] c(D^oic^n^'xt7<-i^^::^t^m:^ 

[0 0 19] **5. /'^-':^i}7.(oi?±tm^mr'<om& 

tit. mm^mm-t^o /^-':^iS7.(ow±ii. Aam^^m 



[0 0 2 0] 7<-i;:;!fxf:bT{i. Tk^fcoStS^^i; 
*fXj5SK*>6«ftilSnfc*rx«:7<-i;;tfXi: LTfiJfflb 

[0 021] *^B^fcfci,>T. ^nsiit7Hm^m^t(D 

[0 0 2 2] *fg|g«7i<m^fi!tS@;ctit,^T, Tk^ffllJiJ 
gPtt, 7j<^»i5tg|5*^mS<0}aSJi(±i:;feorc«^icig!i!i 

«ci:fc%s. 7km^mmt. 7j<mBfe{t:%^i;*i.^?aa 

^ -p TV^?. /ci6. 7l<^(Dm*5 J; J>'MJg^P^^!S L T t 

JiJffl L T MfcS«*{Sjt-r S C i: A^ rThS ^ 5 « 
[0 0 2 3] m^lf. ^fig$n/c:7klg<0'>^< fc'fc-SfP 

mmm.^'pic7m^mm-r^mm.^^m^^mitt^u^ 
30 msioymm^i&mr^c tti^T'^ 7kmmm.m.mi. 

n^-r^7km^m\^^^i^(Dt\^ri,^i\ mm.mi. m 

^ if ^oKftttW^Mit 5 ii i: t * o Tii^-r « c i: A^t? 

[0 0 2 4] :t^¥^mit±m\^rz7Hm^mmmti.x(om 

40 IttcHe-r. 7)<«^fiE^M(DeS()7?a;S:ira'^r«Dte«T- 
«fiEart6TS)«o tfc. 7j<m«J$iJgptcov>T^ 1 t5j:t>* 
^2©»«{iji:Ss ffl^'^tJ-frfct), W»?^^/-c»3bT 

[0 0 2 5] 

A. mimmm: 

A 1 . ->XxA«fl!c : 

50 A 2. ^^mmmmm: 
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A3. $^mm: 
B. m2mmm: 

B 1 . : 

3 2. Bmmmm: 

[0 0 2 6] A. m\^mm: 

Ai. '>:^7-L.mm: mui.^immmthr<Dmnm. 

[0 0 2 7] ^^**%bfc*^ lM*5t*id;D'7j<«. =tn 

0 o*c©7j<^Mt^{t • liam^ntz'^. ?g^3 ot#t 
[0 0 2 8] m.nh7\i. t3*i>'sm<D?i^*'xt±. bsk 

§14 Olcfcl/^TSfK^n, 7j<mu ■y^^5jjM;^'X^^^ 
■r-So eScMi§4 0T'«, ^#MKB#T'$«J7 0 Og[COIim 

f4t7ksl«*^e.7j<««-^fig-r5®f^St£;*V^3o *Mig 

<Dmm.^tcii^±mitK^-mTr>^(Dt\^X^^\.^o C 

[0 0 2 9] 5fcKA*X4'ttt. -K<t:]^^A^^$n-5;-c 
It. efeMlg4 OfDTiJSffiilKfi. — ^<t:g?^i:7j<|ia3b>p> 

mifr?>rziibcocomt^ts:}£^mi^xi^jz\.\ mnt 

[0 0 3 0] af«A*X«, ®i3^^§g5 0T-)^5 0 0'Cg 

1 tm^nso 7k^»^gP6 o«> 7j<^*a««jti:2 



6 2«. m^<oun^m\^^^c tti''^mx'$}^f3\ m^L 

Siii:*^-??fr5o S^-rSilt). SlH**Xj}itliS6 1 
«&$nfc?!{a^X(*J<D7k^«. *lg»itlS6 3^:^D7J<^^J• 
BEII^c^Sl;T7J<^5^^®6 Z^jSjIU, 7mm.¥&6 3m 

SiS^Xti. SSIrISZ 0*ilP?^-r5fci6cD*nfi§g2 1 «D 

[00 3 1] 7i<m-i^m§ii60li. 7j<^t0^gi3a)^^;ga6 
-5fc*. '>:(D1SfiE^jafflLTU^-5c, sue, 7j<^«i8S6 

3 1{±, »ai$nfe7k^;&sai-r«.fe46o/^-i?A-xA^ 

«*&?n5o /^-i^;<fX(i. J^if4^ffi7 0(Daetc3£IS» 
^■^A-r, g«^7j<^^^i:7j<^i:SlCL%t,^iffi>^0D;!/ 
x«:f)jffl-r5ct*<t?#5o *ll)tefi»JT'a, :;'A*x 

x(D«SiSi^tci^A^nTv^;So 7^-i;;^j7.^«$&-rs 

Ci:fcj;t), 7j<^ffiiii§6 3C»7i<m^£E^ffiM$-er^Ci: 
A^T'^, 7k^O»8tjaj^*|^±-rSCtA^T-^:5o feo 
i:*,. 7^— >**'X(0«$&«:*BSUfc->X'rAfl|fi)t;&Jgo 
Xi,mt:>rj:l\ 

[ 0 0 3 2 ] m 2 fc, Tk^SasS 6 3 *5 J: lf3tS7t;X8ilgS 
6 1 a, *tlPli5ltil*S.fca^^$nTt/^^o C(DJ:-5{C 
^fig-r « ctlciiO. 7mm.^ e 3 i:3cH;!3'X}^!iS 6 1 

to:)7m^&m^it$iff=s±^<-r^ctti^x^. 7i<m<D 

[0 0 3 3] 7j<|gj5StK6 3tttto^n/o:7j<^{±, /^-s;' 

A*xi:i:fcfc^3Si^S7 5*iST. ^8 ovrnmc^^m 
e.jffmsn/iTy-K^^-^A'xti, d^^y? 4kj;-3t 

^5581^7 5 ^^T, :^D'7j<^i5SgS6 3tC^j5S^n-5o 
7^— >-;*fXOtfSiSfSfCfi, 3K>:r6 5fc:j:^T^gi5A> 

^KE-r^iit), -^*<tTT'7><^cDj^j^;S:RllMi:-r5rc 

W^esStfi, £E:tiA^il*Ji:^5ci:;&i5ijg-r5r=i6<^ 

Tk^^sigpe 03!)>p,Sfai$n^*Sji*fx^, 

->';^;x<DtiSSigKtc#tlf&L, ®«*{EiiLTt,J:v>o 
[0 0 3 4] jKm?ifi->X7^AcDS^t4, $ir^a.--y h 
1 Ot£:J:oT©jaiI^n?>o »Jja):i^-y M Of±, rtSPtc 
CPU, ^^•'JI??:<iAfc-=?^'^'D3>fcfi-^ffcLT 

tt, h 1 0'NtOAai;b«-9-^, '<kT&t^^m 

o*>e.a, 5tfciKWLfc5i%gg2 0<Ojii5, 7^/1/ :r 3 

1 , 3 2(r>mi^^m®t^vmmmi<^ti-ti^xi6*) . 

cnfcJ:oTa«gg4 0'\(Dlli|^, 7lc, SaofltiS&S* 
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[0 0 3 5] mm=L-y h\ oit. mnmi&'>:^7-i^<D 

[00 3 6] A 2 . s,W}mmisim •■ m 2 n^&mM&mm 
T&^o mmt^miibtEn^t. sijsizL- -y m o«. zk 

^»SISI56 OiOaST s^A;^-rS (Xx-y^S 1 
0) „ CKDisaT s»C)S;DT3fia:Pg<D7x 

-xtc5J-A>n-5„ ^1 7x— rjgaxsooo 

00*C^Ts<500*Cj <Di/?lfiT-05ttST'feS. ^3 
7x— Xa, rs 0 or^T sj 04*effit?<Dfi!lSTaB 

[0 0 3 7] #7x-XcDBIMi:*^iaS3 0 ox;. 5 
0 0t;{±, :^©»«Pl?SS*nT(/>So ^10B8ffl3 0 
OlCfi. 7|<^»giM6 2<D7j<^fil|{t:&|H]JgpItg:5:?^atC 

0>jT-«, 7)<^i)-fill6 2C/<7i^'>AO»IS«rfflV^fe« 
mi £0Biffl*3 0 01C^C^^Lfc*^ Tk^iJ' 

sine 2(Dm«tcjCi;Tffilctciaspi^Ta&5o 

[0 0 3 8] M2<DK«t5 0 0'C«. 7k^i^Sia5 6 0 <D 

0iJT'ti. 5 0 ot:tc^^LfcA\ Tk^^j-giflie 2tD^t^ 

[003 9] Tk^i^SSSPOjaSET s 3 0 0 •C*}«T-S 
5«-a-tcfi (Xx-yys 12). *ijffll^^-y h 1 0«. 

SI 7x-xosi!J9JSijiaa:srll^Tf 5o ccomma. 
7k^«-^M6 2*VJ<|gcgEia-rsc:i:«:|5|Stoo. @ 

[0 0 4 0] mi y x.-X(DmW]mmmmTit. m'&:i 

-y M 0«. 7kllMefcSSJS*^4Ei:*V>J:^{c-r5/'c 

46, iS5iig2 o^Dil^g*$lJeilUT^k^^<o«^&?:f?±•r 
5 (X7"-y:^S 2 0) o Sfd. 7^1/^3 1 . 3 2^mm 

■rS (Xx yrs 2 2) o W-lirT. Ig^^-ffiii-rs/c: 

tb. ^^-i^iJ7.<Dmil^^W±r^ (X-x y7'S2 4) o 

[0 0 4 1] v-i^mmtii. mMs^mst^oi.^^^ 



T, 7kjgiJ'gUg6 2©7k^flfe{fc*lelje-r«ci:*<-pt 

So *IISS0IJT-{i. S^^m («T. C(73^Ma^X 
h^-^i-tnf-P) 0$«)4^S0^M«:«*&-rst«i:L 

^as^55f«^ 4 0 OSes*, w^m s o o •csscsij 

Mig4 0<DjlM;S:lH]S-rsci:*^1r$. «ig©^{t. 1^ 
^^JS-rsctfcit), Tk^^i-gigpe otcti. iSigogf 

[0 0 4 2] m zyji- xto^wimmmmr-it. ykm-^ 

mi^L (xx-y:/s3 0) . ^mm^'ijv (.^.^yy 
S3 2) o ccomj^X'ii. v->mmtm±-$tx. U -y 

5o -yj. Il2 7x-XT«. Sfc^«S*<^±fc^Tb 
COfctb. M'&:i-y h l 0«. 7k^^)-SI^6 2 

*SjaLT#fc7k^©«s«Eiaa*tT^ (x-r«y7's3 

■ii-SttfetC, 5J<>7'6 5*^P)3Sat*«*a-rSilttJ; 

SiSLT^fcTk^JSrSlft^-e-SODTfeSo KftSiC 
a. ^3S^t§7 5tcfilt?nrc^{tfi4<®tcJ:-3Tffijt* 

K> . 7k^^gtg|5 6 0 (D,%jg!*rgfi±#^a]$iJ-r 5 c i:*^ 
T'#. 7k«^giM6 2cD^l£:']{cJ;SfiSffl^ll]ja-r5C: 
i;7t)^T#5o *IISE5PJT'{±, 7 5 T'7k^©K<t; 

«:fT^ toi: brc*^ TkSgo^fkti/^-s/'^'xoti^jg 

[0 0 4 3] "mzy 3.-xa:>mmym^mx'\t. mm. 

«A<^TLTV''S/'ctt. *JfflIrL->y M oa, ^^aiE 
40 ^i:[Rl§cD3ie^P^1i!&-r§, 7j<ilM<0««&*ff 

(X7"-y y^S 4 0) , ^nmm^no (Xv^-y:/S 4 
2) tlRl^tc, '<.—i^ijy.<r>m^^Vio (X-r-y:/S4 
4) o S2 7x-XO$lJffllfc|^*5. sJ^vy? 4*|gl!lb 

7k^«D?BH*R)5 <♦ c i: t . 7|cjR*j^i(^mH6 7 OX^ 

[0 0 4 4] m3iiiS:mmmvm^cis\.i^mmmm(r>i^ 

50 JSUT, eSftMlS<07x-X©S{k*:KiCWt^L/-Co 
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[0 0 4 5] ^fetClft^bfcjlO. iaa*^3 0 O'CtCM^ 

tT©«3ra, in-^^?njt o~t 1 ^T<Dmmii. miy 

K^*^«*&*n;5$s^. 7j<ig^:^atgi5 6 0tt. wtmv'y9- 

[0 0 4 6] }s**'3oo~5ooto^ras Bp*>mm 
1 1 ~ 1 2 $ T'oa^K^i, m 2 :7 x-xtoeij^as^Mf 

*&*^Bgii&sn.5o cnfcj:Ox «sg§4 0T*«7j<sg*^^ 

fiSt$n5*^s>. ikm^msae oicit7Hmv -yg^^sH^ 

AtJKjjlt^nSo m2 7i-XT'(±. 7j<S^i-SUK6 2*^ 
[0 0 4 7] iS*A^5 0 ortCjiL/ift. IP"^. ^^J t 
«S&a{i^2 7x-Xi:|pIIITfeS« 7j<^»SISI5 6 0(± 

^5^81956 o©S«*'^Si:*S*^e.^ 

[0 0 4 8] iit.±X'm.mLrzm i HiSEC^ji: lto7}<^^ 

7j<*^i-giag 6 2 tD7j<^afe{t:;S:iiiie-r-i> c i:jb^T'# 

[0 0 4 9] A3, mi mmmco^mm ■ m 4 immm 
[0 0 5 0] mi mmmr-ii^ m, 1 ^x-xictsv^r/^ 

{f. >-Kv:^7 4^iS473(Rjtc|gift-r;5Ci:fCc};Oll31Stl 
m 1 7x-XT'«, 7^-s^A'X'\©g?^0«t*&{ifft3iQ: 



[0 0 5 1] ^jgfiiiJWfflijaistCcfcntf, Tk^^i^^Me 

2 A/T-ii!jg£OaSj|l:^*X i:i±KWffiig©7^-S^*A*X i: 

[0 0 5 2] mi 7x-xjcfet^T. mm^-^^^^-iy 
10 -rsiiD. Tk^^gigpe ocDia*A^a;<*5{conT7^ 

-i^;<fX©8ii«%ffli^5t)Oi:Lfco C ^-TSEl i:tci 
t)> 7j<^^i-g|^6 2fD<i:t)J^-^iaS±#*0SCi:A< 

[0 0 5 3] m 1 mmmr-ii. f^~i^:f37.<omfi^^w± 

<5iJ;^tf. H 1 7x— X^Tk^iJ-fStSPe 0 ©iSStc JSCT 
2O07x-X(cM{C:a'fiJL. ^n^n7<-i?;«rx<D« 

[0 0 5 4] B. mzmmm: 

B 1 . i^XT^A^fig : m 5 2||S!i^J4: bT<Oi«im 

rtei^xxA«owBSi^fig^5^-r»iH^iaT-fes<, ^ 1 uss^j 

i:{itf|B|U«figT'^5*\ 3i:SS^4 0 i:7K^^^SIgP6 0 
SjMii4 0 i:^3:5^i§5 o i:OKic35M*m-rs«-& 

[0 0 5 5] B2. mw}um9&m:m6i,tm2^mmic 

mt^m. 3 0 ox:, 5 0 o°c^rsmtLx. 3SPg<o 
7x-xt5i-itT$ijiw;srtf mzmmmr'ii. miy 

[0 0 5 6] ^ 1 7x-xojas-e«, mm:i=--y h i 
oAfi, ^nrnm^mnr^ (x^-^ys 5 o) » ep 

[0 0 5 7] ©JP:x:::-y M 0 A{i. m^T. mmm<D 
mm^mfi&r?) (Xx<y7'S5 2) „ 7^;l/-/4 

1 OBSftigrii^b, 5J(«**XJc3S^*ilA-rSo 
X(t>(D7j<|gtt. COSM4'«0i!^{CJ:t)> 7i<^^^g|gl5 6 

o$/-c«^o±j^iT'ji^j^$nso 'istz>x. 7km^mm6 
rcmT\ 7j<^^^^gi5 6 ocDsaA^fsjt^ns. 

[0 0 5 8] mzmmmXHi. 7j<^^^^gB6 OtOSST 
s fctCUT^ 1 7x-X£0SiJfflI^Mr:: 2Se{Ci)-tJTV^ 
50 5o iSAT s*'2 5 CCWTW^S-Jca (X-r -y^S 5 
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S 5 6) . /^;l/r4 1 ©r«1g^ti;«cLT^ig(75«*ga* 

ssfiRjfc*3ttsii 1 7x-7:oa$ifcip]i:;«)itTfft>n 

f?±LTtcfcV>„ cnKit)> 7j<^^)-Slgl5 6 0 tc 
[0 0 5 9] ^tTS<JS3)<^Safiii:^§?gS2 5 QiCfi. ^ 

5 6) tmmmcomx cxf-yfss) t^^mm^rz 

[006 0] miitmz ^mmoyrnhf^mmmicisif^ 
5 o°cicm^i^r'<omm. spt>mmt a o~t a 

j^ffl^^*^m^nSo 5i:Ki§4 OTvK^A^^^^nS 
feCDco. ^c07j<^{ijlSi^$n?.fci6. 7j<^:«-gia56 0 
7j<^U-y^^l?HMi:{i^e.=5:V\ t/c. ii*J^if 

[0 0 6 1 ] SSA^2 5 0-3 0 OX;tDW^, Ep-^. ^ 
^Jt a 1 ~t a 2<Dmmi,t. m 1 7x — X!5)^5)m2 7x 

7kfgiJ-8ira6 2 0J^^jt{l:*^tTt>4as„ 

[0 0 6 2] ^SiJt a 0~t a 2<0»gra, ^mSSfiSJi: 40 

[0 0 6 3] ^gaA^3 0 o~5 0 oxicDmrs. in-^s ^ 
gijt a 2~t a 3(Dmmi>t. mzy x—X(Dfsmi&mti^ 

^^jt a 3Wi^os«K«, msy jL—X(Dmm$m 
[ 0 0 6 4 ] Jw±TiJi^ L fcm 2 mmm<D7iim^&s&m » 
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■r 5 C i: fC J; t) , 7|<^»^M 6 2 <D7j<^life{t*«!SiJ-r s 
Ci:*^T-#So S/i, 7j<^omjiEtcJ:cTff ens^tc 
7K^5^{8I«6 2 0®«?r{E31-rsc:4:jb^T-#5o 
[0 0 6 5] S2^SSfljT'ti. ^^ffliDK^t LTi^gP 

2 1 <DSfgiti«, i±«a*iSf^iss*m^ ti^^T, 

[0 0 6 6] c. mm ■■ mmmrHt. Bmmic. as 
**x*<^3:5^§§5 o^'nLZ7m^m^6 oicmm^n 

5®^^flaj3^L/io 55(Mii4.0 i:7j<^^^SIg|5 6 OO^tc 
0*/W7^X-r-SCi:tcJ;0. 5SJK:«fX<D^^^55!)tC7j< 

m^msa 6 0 1 es-r 5 c i: # . sj^^rOJi-r « c 

»i3Si^§§ 5 0 <DS^^f?±-r t CD i: L T t J; V \ 

[0 0 6 7] mmmz'ii. mw}f^(osi}.m^&imi.rz^ * 
y ji-x<Dmm^micmnt^m'^%mmurct)\ 

^MBe 2CDigaFti:iSUTV>-rnA'«©7x— X*«a6L 
[0 0 6 8] Jlfig^jT-ti. 7j<m5^giK6 2(D^A^mm 

/£„ 7x-XiD^t)ma, im-^mme 2(Di^micm 
X - x"iO^ 0 3 <D i: b T t cfc 1/ 

[00 6 9] i;i±TSiH^ L fern 1 mm&m <t t>*^ 2 mm 
^^^^ Tk^^i-iiigue ooiastiSUT, ^i sifiS^T-0>j 

[0 0 7 0] i:a±. ^¥^m<r>m^<D^mmic-ot,^xmm 

mil mi mmmt Lr<omn^mi^x'rL.<oi!mm 

[112] BW}mmmm<Dyu—=f^^—hz^^o 
[03] }swiMmmmicmf^mmmmcD->-'y>7.^ 
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